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Abstract We have researched the influence of pulsed mag-
netic fields up to 32 T on the magneto-resistance of thick
films (50 Mk) of YBa2Cu3Ox and YBa2Cu3Ox (5 %
Ag-doped) that were produced from synthesized powders.
(Figs. 1–9): concentrate with 6.85–6.9 % O2 and a tail frac-
tion 6.5–6.6 % O2.
We observed a linear plot at currents of more than 1 mA
at 77 K in YBa2Cu3Ox (5 % Ag-doped) at B > 5 T and
in the concentrate YBa2Cu3Ox samples with I = 1 mA,
T = 68.2 K. Pulsed magnetic fields up to 32 T, at I = 1 mA
had practically no influence on the value of the magneto-
resistance in the concentrate YBa2Cu3Ox specimens at T =
57.9 K and up to 17 T for YBa2Cu3Ox (5 % Ag) at 77 K
(Meissner effect). However, for B > 17 T, YBa2Cu3Ox
(5 % Ag) at 77 K demonstrates a tendency toward lower
resistance.
In the presence to 10 pulses in a cyclic pulsed magnetic
field of 32 T, there is a sharp change of magnetic proper-
ties of an HTSC that can lead to nontrivial changes in the
transition temperature, due to the strong mechanic stresses,
sharp change value structure, and because one of the phases
becomes superconducting (Figs. 3A, 3B). The behavior of
the magnetoresistance of S-N-S contacts in pulsed magnetic
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fields is described via the system’s parallel resistance, Rn,
and the inductance, LS-N-S.
Analysis of microscopic models of quantum phase transi-
tions was made in a granular superconductor in an attempt to
explain the results on the studied HTSC-films and to give a
physical interpretation to the deduced parameters of some
experiments on the basis of “spin (vortex) glass” (vortex
ice).
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1 Introduction
Interest to the intermediate state Hc1 < Hm < Hc2 does not
weaken from the moment of opening HTSC. It has con-
nected with ambiguous behavior of electromagnetic proper-
ties, of the phase structure heredity, by variety of the physics
phenomena, including phase transitions in a strong magnetic
field [2–12]. Before end full of phase transition take place an
intermediate status, in which areas of normal and supercon-
ducting phases coexist. The massive superconductor in an
intermediate status is stratified on domains of two phases,
the sizes of which are less than the size of a superconduc-
tor. The equations of thermodynamics allow not addressing
to the mechanism to describe the superconductivity phe-
nomenon as of the form of coexistence of electromagnetic
and thermal movements of a matter. The condition of con-
vertible superconducting transition is expressed by relation
of density-free energy between two phases. The major prob-
lems limiting the applications of superconductors based on
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HTSC materials are weak intro-grain and inter-grain cou-
plings. Microscopic defects can act to pin the vortexes and
maintain the superconducting state to higher temperature.
As the origin of weak intro-grain pinning is determined by
structural considerations, it is important to choose a material
that has strong intrinsic flux pinning capability at high tem-
peratures and magnetic fields. To achieve high transport Icr
in a ceramic material, one has to produce effective links be-
tween the ceramic grains on one hand and introduce pinning
centers on the other [13]. It is assumed that the inter-grain
resistance in ceramic YBa2Cu3Ox (5 % Ag), that prevents
a high Icr from reducing by the presence of silver in gran-
ular spaces of the sample. Knowing how the vortexes move
and arrange themselves under various conditions, such as
temperature, magnetic field, stress-effects, and doping agent
(Ag), and how these phenomena are influenced by the phys-
ical properties of the material will be critical in controlling
the flux motion and maintaining the super current flow in
these materials [13, 18, 22, 23, 53, 56–59].
2 Electromagnetic Separation
Samples were made from powders HTSC-YBa2Cu3Ox that
were separated by the method the electromagnetic sep-
aration (EMS) and developed by the author (E. Broide)
[14, 15]. EMS admits statistical improvement of the unifor-
mity by decreasing the amount defective zones in the sepa-
rated powders, number of nonvalid phases, admixtures, and
thus, an increase in Tc, Icr , Hcr .
This method is based on the electromagnetic and mag-
neto-hydrodynamic interactions of particles in paramagnetic
liquid nitrogen, with doping oxygen and running magnetic
fields. The running magnetic fields (RMFs) extract at the en-
riched powders from mixture those particles (a concentrate




granules with more percent of oxygen-O2) that have a high
critical current with fewer defects. RMFs have switched on
after the cooling of the powders of uniform size in liquid
nitrogen. The separation has carried out in an RMF of fre-
quency 50–200 Hz and amplitude 0.05–0.15 T, by a lin-
ear asynchronous motor. Two different fractions of pow-
ders have been obtained after the successfully conducted
EMS (Fig. 1): the concentrate is a part of the SC-powders
with quantity O2 in the interval 6.85–6.95 % and temper-
ature of SC-transition more than 77 K. Under influence of
RMF, it move up on inclination endways. “Tail”-bad part
SC-powders have tetragonal structure with the oxygen sto-
ichiometry less than 6.6 % O2 and, naturally, Tc less than
77 K. The tail is moved on the inclination downwards.
Figures 1, 2 show that superconducting powders with op-
timal quality “concentrates” are actually enrichment, and
the “tail” needs an additional thermochemical treatment.
YBa2Cu3Ox attracted to the magnetic pole is tail, with the
oxygen stoichiometry less than O2 = 6.6 %, and possesses
tetrahedral structures (the value of x—the original mixture
ranged from 6.4 to 6.9 %) and ferromagnetic properties.
Fig. 2 Difference of the
resistance of thick films made
from powder before and after
the Separation of YBa2Cu3Ox
and YBa2Cu3Ox (5 % Ag):
source (-i-33), concentrate
(-k-33), tail (o-h-33), the part
the powder having the worst
properties, and YBa2Cu3Ox
(5 % Ag) (♦-29-k)
J Supercond Nov Magn (2013) 26:639–649 641
YBa2Cu3Ox attracted to the magnetic pole is tail, with
the oxygen stoichiometry less than O2 < 6.6 %, and pos-
sesses tetrahedral structures (the value of x—the original
mixture ranged from 6.4 to 0.95 %) and ferromagnetic prop-
erties. In the case where thermodynamic equilibrium was
interrupted during synthesis (tail) and the process the sat-
uration oxygen is not realized, one can observe the striped
(similar to the ferromagnetic) picture, which was preserved
after shutdown of the RMF.
3 Magneto-resistance HTSC at Change of Conditions
H , I , T
We have investigated thick film samples of YBa2Cu3Ox
YBa2Cu3Ox (5 % Ag) with thickness 50 µm, at the tem-
perature interval 50–77 K and current Isc = 1–10 mA in the
external interval magnetic fields 32 T (Hc1 < Hm < Hc2),
which is one of the important parameters for applications
of high-Tc superconductors. The thick-films were made by
paint method on the MgO-substrate in the presence of or-
ganic binding materials by heating the powder from product
separation: source, concentrate, and tail. Specimens (from
HTSC-powders after separation) are demonstrating hered-
ity of the structure and electric properties, particularly in Tc ,
Icr , Hcr . This fact is demonstrated in Fig. 2, where the ef-
fect of changing electrical properties after electromagnetic
separation for films YBa2Cu3Ox (5 % Ag) 30 times more as
in nondoping specimens YBa2Cu3Ox . The polycrystalline
YBa2Cu3Ox (5 % Ag) films have a great amount of isolated
grains and are coupled via a large concentration of Ag on
the grain boundaries. Explanation of the magneto-resistance
behavior within this physical model of the superconductors
comprises a set of constituents, among which there are:
• a change of impedance of Josephson like contacts be-
tween granules and structural domain,
• destroying the superconducting pairs of charge carriers,
• an excitation and movement of vortexes,
• formation of an N-state domain.
So, a detailed studying behavior of properties is necessary,
in particular, the dependence of magneto-resistance on of
a magnetic field, the values of electrical currents, of doping
agent (Ag), and mechanical stress, with the purpose to throw
light onto a rather complex picture of phase transitions of
HTSC and to understand better the strong pinning effect on
YBa2Cu3Ox (5 % Ag) composites. An important condition
for good flux pinning properties is the creation of effective
centers on the surface of granules [13].
This doped phase YBaCuOx (Ag) shows a longer c axis
than regular YBCO ceramic material and forms a network
of superconducting “rings” localized on the YBCO large
grains. This network is probably the source of the high flux-
trapping phenomenon in the composite material [13].
Fig. 3 Phase transitions in YBa2Cu3Ox (tail-%Ox < 6.7 %) and
in YBa2Cu3Ox (5 % Ag) under mechanical stressing after 10-pulse
B = 32 T
We discovered that subjecting the thick film samples of
YBa2Cu3Ox to 10 pulses, a cyclic pulsed magnetic field of
32 T leads to a significant increase in Tc (Fig. 5A). There-
fore, irreversible changes in the superconducting parameters
occur. The films had an oxygen deficit 6.6–6.8 % O2. The
exposure to the magnetic field was performed at the tetrag-
onal, orthorhombic transition temperature 77 K. Initially,
temperature SC-transition-Tc was 74 K. After the treatments
by the strong pulses of magnetic fields, Tc had increased to
80 K (Fig. 3A).
In the presence of a magnetic field, there is a sharp
change of magnetic properties of an HTSC, which can lead
to nontrivial changes in the transition temperature due to the
strong mechanic stresses, sharp change value structure, and
because one of the phases becomes superconducting. The
force acting on a state of transformation in a magnetic field
arises from a difference of magnetic susceptibilities of the
two contacting phases. It is reasonable to suppose that the
observed effect is caused by the martensitic nature of the
transition to a tetra-orthorhombic structure in YBa2Cu3Ox ,
the instability of this compound near the SC-transition in
high magnetic field, and strong mechanic stresses, which re-
sult in the displaced deformation in the tetragonal phases
[66, 67].
Based on the theory of elastic deformation, one can con-
clude that if the amount of martensitic phase for YBa2Cu3Ox
is x < 6.8 %, we are dealing with an increase in the length
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Fig. 4 The magneto-resistance
behavior of YBa2Cu3Ox -thick
film (was made from
concentrate-(33-k) at the
temperature 60–67 K and
I = 2 mA)
Fig. 5 The magneto-resistance
behavior of YBa2Cu3Ox -thick
film (was made from
concentrate-(33-k) at the
temperature 65–68.2 K and
different currents)
of the orthorhombic axes in the elementary cell of a lat-
tice; this leads to a growth in the amount of orthorhombic
phases and thus to an increase in the value of the super-
conducting transition temperatures (Fig. 3A). On the other
hand, in YBa2Cu3Ox (5 % Ag), the processing by strong
pulsed magnetic fields leads to dynamic mechanic stresses,
which increases the amount of tetragonal phases; this leads
to a lower temperature of the superconductivity transition
(Fig. 3B). These transitions of superconductors in a normal
phase and conversely are of the first order [38, 53, 55].
Experimental data, adduced in this article, demonstrate
the influence of value of a magnetic field, temperatures,
impurities, currents force, and stresses on the picture of
physical properties near temperature phase transitions (SC-
normal metal) in interval magnetic fields Hc1 < Hm < Hc2.
If the weak links in the granular film are subjected to a
magnetic field that may be connected with correlation phase
in orders parameter the system, there is a condition occur-
rence of volume superconducting properties and to influence
on their kinetic inductance and resistance, as am seeing from
circuit on Figs. 10 and 11 [19].
The superconductor in an intermediate status is stratified
on domains of two phases, the sizes of which are less than
the size of a superconductor. In real nonuniform supercon-
ductors, probably abnormal multi-coherent areas with high
critical temperatures are present, which can grasp a mag-
netic stream as a superconducting ring (Fig. 11) [62]. In that
case, there is a so-called phenomenon of the frozen stream,
the existence of the diamagnetic moment in the absence of
an external field [68]. Results of experiments argue in fa-
vor of the existence of a true phase transition in the high-
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Fig. 6 The magneto-resistance
behavior of YBa2Cu3Ox
(33-k)-thick film at the
temperature 57.9–68.2 K and
I = 1 mA
Fig. 7 The plot of resistance
with magnetic field of
YBa2Cu3Ox (5 % Ag-doped)
thick films at 77 K
field vortex state from a low-temperature superconducting
vortex glass (ice) phase into a disordered high-temperature
vortex fluid phase. Pinning of vortices due to impurities or
other defects destroys the long-range correlations of the vor-
tex lattice, probably replacing it with a new vortex-glass
(ice) phase that has spin-glass (ice-like off-diagonal long-
range order and true superconducting) [56]. Also, a disorder-
induced transition was found from the three-dimensional
Bragg glass (ice) to a quasi-two-dimensional vortex glass
(ice), accompanied by an abrupt change of the interlayer co-
herence with increasing field. The former one is identified as
an intra-layer depinning transition as premelting, which sub-
divides the glass (ice) phase into two phases. The interme-
diate glass (ice) melts with inter-layer decoupling of vortex
lines, implying the loss of interlayer long-range coherence
[53]. These two-phase boundaries agree with experimental
data on YBa2Cu3Ox (5 % Ag) and YBa2Cu3Ox .
The superlinear behavior in high magnetic fields was at-
tributed to the opening of a spin gap under magnetic field
[27, 39–45, 61, 68, 70].
Properties of disordered granular superconductor films
consisting of HTSC-grains of size comparable to zero-
temperature bulk superconducting coherence length embed-
ded in a non-SC metal, Ag, was studied (Figs. 2–12 ). Turn-
on of a magnetic field moves up a sample into the next form
of SC-films, preliminary cooled to T < Tc in a status of a
“superconducting glass (ice),” which, as well as usual frus-
tration spin glass (ice), when pseudo-backed, should choose
644 J Supercond Nov Magn (2013) 26:639–649
Fig. 8 Volt–ampere characteristic in YBa2Cu3Ox (33-k)-thick film at
57.9–68.2 K
Fig. 9 Volt–ampere characteristic in YBa2Cu3Ox (5 % Ag-doped)
thick films at 77 K
Fig. 10 Equivalent circuit
S-N-S contact
between two orientations, and thus this state of sample is
metastable [1, 53, 55–59].
The normal, as well as the superconducting state, is
strongly dependent on doping and thus on the carrier con-
centration. In order to increase the temperature HTSC-
transition in high magnetic fields, considerable efforts were
Fig. 11 Weak link in granular superconductor films
directed by the creation of strong pinning centers, for ex-
ample, for YBa2Cu3Ox (5 % Ag). Value state parameters,
the temperature, T , magnetic field, H , electrical current,
Isc, and stress-effect are defining quantities of the flux mo-
tion and maintaining the super current flow in these materi-
als [37].
A magneto-resistance in film YBa2Cu3Ox , YBa2Cu3Ox
(5 % Ag) under magnetic pulse up to 32 T is described with
the help of phenomenological models of parallel systems of
normal resistance (Rn, Ln)-inductance of superconducting
branches (Lsc) and its V –A characteristic. Concurrently, the
microscopic theory of the transition granular superconduc-
tor allows us also to give us the quality explanation effects
[1, 16, 21–36, 46–64, 68].
4 S-N-S Model
Thin layers (of thickness about several Å) in a thick film
are different from grains in chemical structure and phase
structure, typically exhibit weak connections, and are of
the inter-granular Josephson structure (usually, of S-N-S
type). At the same time it illustrates the equivalent “ring,”
which constitutes the path of the current including the
weak link (Fig. 11). Probably, also intragranular Joseph-
son transitions exist (even on planes twining between planes
superconducting them). In National High Magnetic Field
Laboratory, USA (David C. Larbalestier, Alex Gurevich,
Mark Rozchowski), high-resolution electron microscopy on
nanoscales (0.1–10 nm) has revealed a detailed atomic struc-
ture of the grain boundaries, dislocation cores and changes,
due to control of overdoping of the grain boundaries (GBs)
of YBa2Cu3Ox .
These issues determine the behavior of vortexes on GBs
that are of prime importance for the current carrying ca-
pability of HTSC. It demonstrated the existence of mixed
Abrikosov–Josephson vortexes at low-angle GBs and mea-
sured for the first time their core lengths and the intrin-
sic value of Icr . Properties of disordered granular super-
conductor films consisting of HTSC grains of size com-
parable to zero-temperature bulk superconducting coher-
ence length embedded in a non-SC host were studied by
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means of a randomly diluted Josephson tunnel junction S-
N-S model. Change of the total picture of the magneto-
resistance (Figs. 2–12) will completely determine the pro-
portion of the superconducting and normal components of
the sample in frame S-N-S-modes.
Superconductor–normal metal–superconductor (S-N-S)-
junctions have current–voltage characteristics (C-V-C) with
rich peculiarities. Given certain parameters of the junction
C-V-C, S-N-S-junctions demonstrate a current peak at small
voltage, excess current, a subharmonic gap structure, and the
negative differential resistance at low bias voltage [69].
The behavior resistance of an S-N-S contact under pulsed
magnetic fields in granular films in the studied intervals
of high alternating magnetic field may be described with
the help of three system parameters: the normal resistance
and inductance (Rn, Ln) and the superconducting induc-
tance (Lsc), which are connected in parallel [16, 17, 20, 71].
The equivalent circuit of a superconductor consists of two
parallel branches, a right-branch current caused by normal
electrons, with superconducting electrons in the left branch
(Fig. 10).
The quantities of the active (resistive Rn) and reactive
(inductive Ln, Lsc) currents depend on the quantity of nor-
mal and superconducting electrons present in the material
and their mobility. Because electrons have effective mass,
they lose energy due to scattering, and the result is a larger
resistance (Rn, Ln, Lsc). The direct current (DC) resistance
in the left branch is zero, whereas the resistance in the right
branch has a finite value. As a result, the DC conductivity in
the material occurs only in the superconducting branch and
without energy dissipation. Superconducting electrons, like
normal electrons, have effective mass, me, and contribute to
the creation of the kinetic inductance, Lsc, of the sample, as
a manifestation of their kinetic energy, ESC , which is stored
in the superconductor of the form of the kinetic inductance,
Lsc.
Thus, superconductivity is not only a high conductivity
(i.e., a large imaginary conductivity), it is a kinetic induc-









Isc = enscvscS, (2)
Lsc = me d
nsc
e2S. (3)
Here nsc is the electron density per unit of volume, me is the
effective mass, vsc is the velocity of carriers of charge, Isc
is the electrical current, d is the specimen length, S is the
cross-sectional area, and Lsc is the kinetic inductance. The
kinetic inductive, Lsc , is very small, because the electron
density nsc is large. If the material is placed in an alternating
magnetic field, the current split between the two branches
is inversely proportional to their resistivity, and the current
will flow the two branches. The current flow in the right-
hand branch is created by normal electrons that have dissi-
pation and cause the ohmic resistance. If H is increased, the
vortexes become more closely spaced, and their cores start
to overlap. At Hc2, the vortex lattice and the pairing of the
electrons disappear, and the material becomes normal.
The depth of penetration of a magnetic field, λj , in sam-
ples can be expressed as
H = H−x/λ0 , (4)
where x is the distance from a surface, H0—the intensity of
a field on a surface, λ—a constant determining the depth of
penetration of a magnetic field in a superconductor:
λ = mev2sc/4πnsce2, (5)
where nsc is the electron density per unit of volume partici-
pating in a superconducting current with effective mass me .
Below Tc is the temperature of Sc-N-transition, and the cir-
cuit impedance of the superconductors films, zj , with S-N-
S-links, will be defined by the inductance of contacts Ls-n-s
(Lj ), critical current Icr , and by the frequency of the alter-
nating magnetic field ω and normal resistance Rn [16, 71]:
zj (H) = Rn (T > Tc), (6)
zj (H) = iωLsc + ωLsc/Rn (T < Tc). (7)
For T < Tcr and pulse magnetic fields in the interval
Hc1 < Hm < Hc2 and Bimp > 5 T, the critical current Icr
for individual Josephson contacts of YBa2Cu3Ox (5 % Ag)
and YBa2Cu3Ox (33-K) samples (I = 1 mA, T = 68.2 K)
to SC-space falls with growth of magnetic fields approxi-
mately linearly (see Figs. 5–7):
zj ≈ B [22], (8)
where zj is the impedance of the superconductor films, B is
the induction of magnetic fields.
If to turn on intense magnetic field or to change temper-
ature and the magnitude current flowing through the sam-
ple, substantially will be varied all electromagnetic charac-
teristics on superconductors and for the normal branch—
Hc1 < Hm < Hc2, which will be determined ultimately the
presence the heterogeneity properties.
The superconductivity can be destroyed not only by heat-
ing or external magnetization but and its own magnetic
field, which transmitted through the superconductor strong
electric current. The corresponding critical current density
should be such that in the absence of an external magnetic
field of its own on the surface would be equal to the criti-
cal one. The external layer of wire is in a normal condition,
and that the interior—in the interim, with alternating layers
of the two phases, perpendicular, the wire axis. In type-II
superconductors can be observed surface superconductivity,
associated with the formation of nuclei of the normal phase
in the surface layer are perpendicular to the wire axis. The
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current density of superconducting thin films is very sensi-
tive to their geometry and uniformity. Although the highest
current density is attained at the edges of the film, the ap-
pearance of the normal phase nucleation is possible in the
middle of the inhomogeneous film and their subsequent ther-
mal spread. Field is specified characteristics of the electronic
structure and the current—defects in the crystal structure of
the material: heterogeneous in its composition, vacancies,
dislocations. In this case, the Lorentz effect on them of the
intrinsic magnetic field of current flow is not enough for
their first job irregularities. As the current density increases
and the magnitude of the Lorentz force. Finally, at the cur-
rent density is equal of critical value, begins movement of
Abrikosov vortices, as results contacts with irregularities of
the structure. In real inhomogeneous superconductors, there
may be abnormal connected domains with high critical tem-
peratures that can capture the magnetic flux-type supercon-
ducting ring. In this case, there is a phenomenon called the
frozen flow is manifested in the existence of the diamagnetic
moment in the absence of an external field [68].
In between there lies an intermediate state, in which the
areas of normal and superconducting phases coexist. The
transition to a normal phase is completed when the field in
all points on the surface of a superconductor exceeds the
critical value, Hc2. The bulk of the superconductor in the
intermediate phase is stratified into domains of two phases,
with sizes less than that of the superconductor. The interest
in the intermediate state Hc1 < Hm < Hc2, has not weak-
ened from the time of the discovery of HTSC. It is con-
nected with the ambiguous behavior of the electromagnetic
properties, the phase structural heredity, and with a variety
of other physical phenomena, including phase transitions in
a strong magnetic field. The behavior on SC-film in a mag-
netic field demonstrates quantum phase transition in high
pulse magnetic fields (Figs. 5–9). The microscopic expla-
nation of the physics for Hc1 < Hm < Hc2 is inconsistent.
The equations of thermodynamics allow not addressing the
mechanism behind the superconductivity as a form of coex-
istence of electromagnetic and thermal movement of a mat-
ter. The condition of a continuous superconducting transi-
tion is expressed by the relation of the free energy density
in the two phases. The existence of superconducting materi-
als in the interval Hc1 < Hm < Hc2 is correspond to a state
of the minimal free energy. The intermediate state is ther-
modynamically stable because the magnetic energy of su-
perconductors falls by reason of the granulation into super-
conducting layers and a corresponding increase in surface
energy. Phase transitions first order to a normal phase below
Hc2 and are accompanied by heat loss from the crystal lat-
tice, decreasing free energy and superconducting tempera-
ture [68]. Thus, it is necessary to undertake a detailed study
of the behavior of these properties, in particular magneto-
resistance, value of electrical currents, of doping agent (Ag),
and mechanical stress, with the purpose to throw light on the
rather complex picture of phase transitions of HTSC and to
understand better the strong pinning effect on YBa2Cu3Ox
(5 % Ag) composites. An important condition for good flux
pinning is the creation of effective centers on the surface of
granules [13].
In high-pulse magnetic fields in Hc1 < Hm < Hc2 there
are phases near SC-transition:
• Meissners phase, 1—vortex lattice phase, 2—vortex
fluid I, 3—vortex fluid II, 4—normal phase [53, 55].
• Meissners phase, R = 0: Fig. 4 YBa2Cu3Ox at T =
60.4 K, Isc = 2 mA up B < 2.5 T. Figure 5 YBa2Cu3Ox
at T = 68.2 K, Isc = 1 mA, B < 5 T. Figure 7
YBa2Cu3Ox (5 % Ag), B < 15 T, Isc = 1 mA, Fig. 6
YBa2Cu3Ox at T = 57.9 K, Isc = 1 mA and B < 15 T.
I. Figure 7 for YBa2Cu3Ox (5 % Ag) near T = 77 K, I =
5–10 mA and Fig. 6 YBa2Cu3Ox -68.2 K at Isc = 1 mA
up to B < 7 T, also Fig. 5 YBa2Cu3Ox at B < 5 T for
I = 2 mA, T = 67.4 K, Fig. 4 YBa2Cu3Ox at B = 2–
7 T for I = 2 mA, T = 60.4 K, Magneto-resistance de-
pendence is not realized, as a consequence of the rising
3d Abrikosov vortex lattices.
II. Figure 7 for YBa2Cu3Ox (5 % Ag) in the intervals
of current Isc = 20–40 mA, B = 0–5 T. In Fig. 5 for
YBa2Cu3Ox at Isc = 5 mA, B < 7 T and YBa2Cu3Ox .
Isc = 1–2 mA and B > 7 T, T = 68.2 K. The magneto-
resistance dependence has weak linear characteristic,
which is accompanied with inter granules the lattices-
vortexes melting process. This is phase transition of sec-
ond order that exists in a magnetic field.
III. For YBa2Cu3Ox near T = 65–68 K, Isc = 5–10 mA,
B > 5 T, the nonlinear dependence magneto-resistance
(Fig. 5) and linear dependence V –A characteristic
(Fig. 8). In this field, SC-to normal phase first-kind
transition in magnetic fields in the interval 5–10 T is
demonstrated.
IV. Figure 7 for YBa2Cu3Ox (5 % Ag), B > 5 T, and
Isc = 10–40 mA is put into effected linearly magneto-
resistance dependence and nonlinear V –A characteris-
tic (Fig. 9). This situation is the result of vortex lattice
melting and phase transition in inter-grain-intro-grain
lattice.
(What is nature phase transition is a problem for
physics HTSC [18].)
V. In Fig. 5 it is illustrated that YBa2Cu3Ox at current in-
terval Isc = 1–10 mA depends on high pulse magnetic
fields, and in Fig. 7, YBa2Cu3Ox (5 % Ag) for elec-
trical current Isc = 1–40 mA demonstrates all phase
transitions (I–V-position) that exist by theory of liq-
uid glass (melting hard ice). This gives us pictorial
presentation about its essential part in the fundamen-
tal properties of HTSC materials. Similar influenced ef-
fect of lowered temperatures in YBa2Cu3Ox and doped
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Fig. 12 The dependence of beginning melting last phase in vortex
lattice of HL1 and HL2 on the value of electrical current in films
YBa2Cu3Ox (5 % Ag)
Ag on the magneto-resistance to 32 T in YBa2Cu3Ox
(5 % Ag) was discovered, which causes the impedance
drop Josephson contacts and increased critical current
(Fig. 12).
VI. Figure 7 for YBa2Cu3Ox , YBa2Cu3Ox (5 % Ag) at
Isc = 1 mA, T = 77 K, B > 17 T (external field for
H > Hcr )—demonstrates tendency for negative char-
acter resistance, where vortex-lattice phase can melt
due to thermal fluctuations, magnetic fields, and elec-
trical current. Authors of the articles [25] and [65]
I.S. Beloborodov, K.B. Efetov, G. Shaikhutdinov, and
D. Bataev explain this nontrivial sensitivity to the mag-
netic field and the behavior of electrical resistance
R(H) by granular characters of high-temperature super-
conductors, due to the effect exerted by dipole moments
of high-temperature superconductor grains on the effec-
tive intergranular field. At low temperature, the pairs do
not contribute to the macroscopic transport, but their ex-
istence can drastically change the conductivity. Grow-
ing the magnetic field, one destroys the fluctuations,
which improves the metallic properties and leads to
the negative magnetoresistance. The applied magnetic
fields reached 17 T, which was more than sufficient to
destroy also the superconducting gap in each grain. The
tunneling amplitude between the grains is assumed to
be large, such that the system without electron–electron
interactions would be a good metal and would not be
sensitive to a magnetic field [25].
Figure 12 is demonstrating the dependence of the be-
ginning melting in last phase vortex lattice on the of value
electrical current (Icr ) and magnetic field (H ) in films
YBa2Cu3Ox (5 % Ag).
The attention of the above interpretation of phase tran-
sition between normal metal and superconductor, which
was adopted in the assumptions, can execute the analysis
of magneto-resistance behavior and V –A characteristics of
YBa2Cu3Ox and YBa2Cu3Ox (5 % Ag) films and give us
a possibility to identify quantum phase transition in high-
pulse magnetic fields (Figs. 2–9 and 12).
5 Conclusions
Many people speculate that HTS results from the proxim-
ity of a QPT of high-Tc cuprates in the underlying normal
state both from the theoretical and experimental perspec-
tive. The existence, location, and nature of such a QPT was
long been obscured by the superconducting phase; however,
normal state behavior at low temperatures emerges once the
HTSC phase is suppressed with intense magnetic fields [27].
Our measurements and other experiments on the YBaCuOx
and YBa2Cu3Ox (5 % Ag) superconductors are discussed
in light of these results. It is possible to see from experi-
ments (Figs. 4–9) the situation in phase vortex lattice, due to
thermal fluctuations, magnetic fields, stress-effect, electri-
cal current, and dependence from doping Ag. Similar influ-
ence of lower temperatures and doping Ag on the magneto-
resistance was discovered, and using S-N-S models, it is ex-
plained by the impedance falling in Josephson contacts and
increasing critical current in YBa2Cu3Ox . Also, increasing
the values of high-pulse magnetic field and electrical cur-
rents leads to distortion vortexes, superconductor pairs, and
melting vortex lattice (Figs. 4–6 and 12).
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Appendix: Application
I. Vortex hard lattice—spin-glass phase. (Hard vortex ice)
II. Vortex phase—fluid I. The intermediate glass melts
with inter-layer decoupling. (Internal melting vortex
ice).
III. Intro-layer decoupling of vortex glass lines (vortex
phase—fluid II) (Intro-melting vortex ice).
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Fig. 13 The frustration spin-lattice glass phase (melting vortex ice)
References
1. Helmut Brandt, E., Das, M.P.: Attractive vortex interaction and the
intermediate-mixed state of supercond. J. Supercond. Nov. Magn.
24, 57–67 (2011)
2. Trappeniers, L., Vanacken, J., Moshchalkov, V.V., et al.: Paper pre-
sented at the MOS 99
3. Vanacken, J., et al.: High Tc supercond. in pulsed magnetic fields.
Europhys. Lett. 46, 75 (1999)
4. Moshchalkov, V.V., Vanacken, J., Trappeniers, L.: Phys. Rev. B
64, 214504 (2001)
5. Vanacken, J., Trappeniers, L., Wagner, P., Moshchalkov, L., et al.:
Phys. Rev. B 64, 184425 (2001)
6. Vanacken, J., Weckhuysen, L., Wambecq, T., Wagner, P.,
Moshchalkov, V.V.: Physical Phenomena at High Magnetic
Fields—IV, pp. 327–330
7. Herlach, F., Miura, N.: High Magnetic Fields: Sci. and Technol-
ogy, p. 311 (2006)
8. Boebinger, G., Fisk, Z., Lacerda, A., Gor’kov, L.P., Schrief-
fer, J.R.: Proceedings of Physical Phenomena at High Magnetic
Fields—IV, New Mexico, USA, 19–25
9. Awaji, S., Watanabe, K., Kobayashi, N., Yamane, H., Hirai, T.:
IEEE Trans. Magn. 32(4) (1996)
10. Ryan, D.T., Hole, C.R.J., van der Burgt, M., Jones, H., et al.: Phys.
Rev. B 184425 (2001)
11. Goringe, C.R.M., Dew-Hughes, M.J.: IEEE Transactions 32(4),
12803-280512
12. van der Burgt, J., Jones, M., Davies, H., et al.: Phys. Rev. B 184425
(2001)
13. Reich, S., Veretnic, D., Felner, I., Yaron, U.: J. Appl. Phys. 72(10)
(1992)
14. Broide, E.: USA-Patent N-737, 06.07.1999
15. Broide, E.: Electromagnetic separation YBa2Cu3Ox , Nd-HTSC
and Bi-HTSC powders. J. Supercond. Nov. Magn. 21(2), 97–105
(2008)
16. Vendik, I., Vendik, O.: Phys. Found. Supercond., Part 1 13, 92–93
(1997)
17. Belski, M., Gaidukov, M.M., Golman, E.K., et al.: in Russian,
Pisma in JETF (1987) T.46
18. Moshchalkov, V.V., et al.: Supercond., chemistry, technical (in
Russian) (1989), T.2 N 2
19. Hilton, T.L., Beasly, M.R., et al.: IEEE Trans. Magn. 25(2), 810–
813 (1989)
20. Vendik, O.G., Kozirev, A.B., Popov, A.Yu.: Russian, JTF 59(1)
(1989)
21. Binder, K., Young, A.P.: Rev. Mod. Phys. 58 (1986)
22. Meilichov, E.Z.: Diamagnetic properties HTSC-ceramics (in Rus-
sian). Sverchprovodimost: Fizika, Chimiya, Tekhnika (1989), T.2,
No. 9K
23. Nakao, K., Takamuku, K., Hashimoto, K., Koshizuka, N., Tanaka,
S.: Physica B, 262–265 (1994)
24. Meerovich, V., Sinder, M., Sokolovsky, V.: Supercond. Sci. Tech-
nol. 9, 1042–1047 (1996)
25. Beloborodov, I.S., Efetov, K.B.: Ann. Phys. 8(7–9), 775–784
(1999)
26. Katsuhiro, F., et al.: J. Cryog. Soc. Jpn. 34(11), 647–653 (1999)
27. Balakirev, F.F., Betts, J., Boebinger, G.S., et al.: New J. Phys. 8,
194 (2006)
28. Li, P., Balakirev, F.F., Green, R.L.: Phys. Rev. Lett. 99, 047003
(2007)
29. Balakirev, F.F., Betts, J.B., Migliori, A., Tsukada, I., Ando, Y.,
Boebinger, G.S.: New J. Phys. 8, 194 (2006)
30. Yelland, Singleton, Mielke, Harrison, Balakirev, Dabrowski: Phys.
Rev. B 78, 064511 (2008)
31. Nakao, K., Tatsuhara, K., et al.: J. Phys. Soc. Jpn. 57, 2476–2481
(1988)
32. Katsuhiro, U., et al.: J. Cryog. Soc. Jpn. 34(11), 647–653 (1999)
33. Beloborodov, I.S., Efetov, K.B.: Phys. Rev. Lett. 82, 3332–3335
(1999)
34. Rogacki, K., Gilewski, A., Newson, M., et al.: Pulsed Transp.
15(7), 1155 (2002)
35. Hole, D., Burgt, J., Jones, M., et al.: Physica C, Supercond. 32(4),
2803–2805 (1996)
36. Garcia-Santiago, A., Del Barco, E.: Physica C, Supercond. 371(1),
27–33 (2002)
37. Seeber, B.: Handbook of Applied Superconductivity. Science,
1912 pp. (1998)
38. Gantmakher, V.F., Glatz, A., et al.: Springer (2006)
39. Krusin-Elbaum, L., Shibauchi, T., Mielke, C.H.: Braz. J. Phys.
33(4), 12 (2003)
40. Biswas, A., Fournier, P., Smolyaninova, V.N., et al.: Phys. Rev. B
64, 104519 (2001)
41. Ishii, K., Tsutsui, K., Endoh, Y., Tohyama, T., et al.: Phys. Rev.
Lett. 94, 187002 (2005)
42. Dagan, Y., Qazilbash, M.M., Greene, R.L.: Phys. Rev. Lett. 94,
187 (2003)
43. Varma, M.: Phys. Rev. Lett. 83, 3538 (1999)
44. Kivelson, S.A., Fradkin, E., Emery, V.J.: Nature (London) 393,
550 (1998)
J Supercond Nov Magn (2013) 26:639–649 649
45. Chakravarty, S., Laughlin, R.B., Morr, D.K., Nayak, C.: Phys.
Rev. B 63, 094503 (2001)
46. Ando, Y., Boebinger, G.S., Passner, A., Kimura, T., Kishio, K.:
Phys. Rev. Lett. 75, 4662 (1995)
47. Boebinger, G.S., et al.: Phys. Rev. Lett. 77, 5417 (1996)
48. Tallon, J.L., Loram, J.W.: Physica C 349, 53 (2001)
49. Balakirev, F.F., Betts, J., Migliori, A., Ono, S., Ando, Y., Boe-
binger, G.: Nature 424, 912 (2003)
50. Dagan, Y., Qazilbash, M., Hill, C., Kulkarniet, V.N., et al.: Phys.
Rev. Lett. 92, 167001 (2004)
51. Kumar, P., Hall, D., Goodrich, R.G.: Phys. Rev. Lett. 83, 4622–
4625 (1999)
52. Hussey, N.E., Abdel-Jawad, M., Carrington, P.A., et al.: Nature
(London) 425, 814 (2003)
53. Bishop, D.J., Gammel, P.L., Huse, D.A., Murray, C.A.: Science
255, 165–172 (1992)
54. Zeldov, E., Majer, D., Konczykowski, M., Geshkenbein, V.B., Vi-
nokur, V.M., Shtrikman, H.: Europhys. Lett. 30, 367–372 (1995)
55. Fisher, D.S., Fisher, M.P.A., Huse, D.A.: Phys. Rev. B 43, 130–
159 (1991)
56. Sugano, R., Onogi, T., Hirata, K., Tachiki, M.: Physica C, Su-
percond. 341–348(2), 1113 (2000). Physica B: Condensed Matter
284–288(1), 803–804 (2000)
57. Parans Paranthaman, M., Selvamanickam, V. (eds.): Flux Pinning
and AC loss Studies on Coated SC. Superpower, Inc., Schenectady
(2006)
58. Srivastastava, J.K.: Studies of HTSC, vol. 29, pp. 23–30. Nova
Sci., New York
59. Yamafuji, K., Fujiyosh, T., Kiss, T.: Physica C, Supercond. 397(3–
4), 132–150 (2003)
60. Hussey, N.E., Abdel-Jawad, M., Carrington, A., Mackenzie, A.P.,
Balicas, L.: Nature (London) 425, 814 (2003)
61. White, J.S., Hinkov, V., Heslop, R.W., Lycett, R.J., Forgan, E.M.,
Bowell, C., et al.: Phys. Rev. Lett. 102, 097001 (2009)
62. Belyavskii, V.I., Kopaev, Yu.V.: Usp. Fiz. Nauk 174, 458–465
(2004) (in Russian)
63. Kava, R.J.: Oxide superconductors. J. Am. Ceram. Soc. 83(1), 5–
28 (2000)
64. Müller, K.-H., Dörr, K., Eckert, D., Fuchs, G.: Highlights 2002.
The pulsed magnetic field laboratory described in our Annual Re-
port
65. Beloborodov, I.S., Efetov, K.B., Shaikhutdinov, G., Bataev, D.:
Phys. Solid State 51(6), 1105–1109 (2009)
66. Boiko, W.S., Kosevich, A.M., Kosevich, Yu.A.: Dependence of
the reserved plastic deformation HTSC on the physical properties.
J. Low Temp. Phys. 17, 32 (1991)
67. Broide, E.L., Yakunin, M.: Investigation of the magneto-resistance
behavior in high pulsed magnetic fields up to 35 T in thick films
YBa2Cu3Ox and YBa2Cu3Ox (5 % Ag-doped) near 77 K. J. Su-
percond. Nov. Magn., 17 January 2008
68. Ivanov, V.A.: Superconductivity and superconductors. J. Nonor-
ganic Chem. Subst. 35(4), 1024–1067 (1990) (in Russian)
69. Gokhfeld, D.: arXiv:Cond-mat.supr.-con 1–11, 26.05 (2006)
70. Krusin-Elbaum, L., Shibauchi, T., Mielke, C.H.: Braz. J. Phys.
33(4) (2003)
71. Muller, P., Ustinov, A.V.: (Ed. transl. V.V. Schmidt), The Physics
of Superconductors, Introduction to Fundamentals and Applica-
tions. Springer (1997)
